Background: This systematic review qualitatively summarizes the current literature on diagnosis and treatment of oropharyngeal dysphagia (OD) after total laryngectomy (TLE). Methods: Electronic databases PubMed, Embase, and the Cochrane Library were used. Two independent reviewers carried out the literature search and assessed the methodological quality of the included studies using a critical appraisal tool. Results: Forty-four articles met the inclusion criteria. Of these, 35 studies were on diagnosis, four on therapy, and five on both diagnosis and treatment of OD following TLE. Study aims, swallowing-assessment methods, and main findings of the included studies were summarized and presented. Conclusions: The reviewers found heterogeneous outcomes and serious methodological limitations, which prevented us from pooling data to identify trends that would assist in designing best clinical practice protocols for OD following TLE. Further research should focus on several remaining gaps in our knowledge on diagnosis and treatment interventions for OD following TLE.
| INTRODUCTION
Total laryngectomy (TLE) is a surgical procedure commonly used in the treatment of advanced stage laryngeal and hypopharyngeal cancer. It involves resection of the entire larynx and separation of the respiratory and digestive tracts. A neopharynx is created by closing the surgical defect of the pharynx, either directly or if necessary with different types of pedicled or free flaps. The pharyngeal mucosa can be surgically removed if a partial or total pharyngectomy or even esophagectomy is oncologically indicated. A surgical airway is established by placing a permanent tracheostomy. The main purpose of TLE is complete removal of the cancerous tissue. Preservation of swallowing function and restoration of speech function are important secondary goals. However, a (salvage) TLE can also be performed for management of chronic aspiration, airway compromise, radionecrosis, and tumor recurrence. 1 Unless fistulisation or voice prosthesis leakage occurs, there is no risk of aspiration after uncomplicated TLE. Other dysphagia signs and symptoms may occur due to impaired bolus transport. A common symptom following TLE is oropharyngeal dysphagia (OD), with a frequency ranging from 10% to 60%. 2, 3 The main complaints reported by TLE patients are regurgitation, food "sticking" in the throat, globus sensation, or a prolonged mealtime. 4, 5 Frequently used instrumental tools to evaluate swallowing function are videofluoroscopic swallowing study (VFSS) 6, 7 and manometry. 6 Swallowing impairment can also be evaluated from the patients' perspective, using self-report dysphagia questionnaires such as the M.D. Anderson Dysphagia Inventory (MDADI), Swallowing Quality-of-Life questionnaire (SWAL-QoL), Performance Status Scale for Head and Neck cancer patients (PSS-HN), and the EAT-10. 7, 8 The aim of the evaluation is to determine the cause and severity of the swallowing impairment and to guide the selection of an effective treatment. A variety of OD treatment approaches after TLE and partial laryngectomy have been described, notably diet modification, compensation strategies, swallowing maneuvers, surgical interventions such as botulinum toxin A injections, and endoscopic dilatation for strictures. 5 Few studies have been published on the diagnosis and treatment of OD following TLE. Furthermore, to our knowledge, no systematic review has yet been published on this topic. The present study assesses the current literature on diagnosis and treatment of OD after TLE. The aim of preparing an evidence-based overview was to support clinical decision making and guide the development of treatment strategies.
| IDENTIFICATION AND SELECTION OF STUDIES
A literature search using the electronic databases Embase, PubMed, and the Cochrane library was carried out by 2 independent investigators. Their search strategy is presented in Table 1 . Only articles on diagnosis and treatment for OD after TLE with or without (partial) pharyngectomy or extended resections toward the esophagus in adults were included. Peer-reviewed journal articles written in the English, German, Portuguese, Spanish, French, or Dutch language with more than 10 study participants were included. The search was limited to articles published from January 1995 through November 2017. Studies involving experiments on animals or presenting a consensus or an expert opinion were excluded. Articles were also excluded if swallowing outcomes were not presented in the results. Studies solely on esophageal dysphagia were excluded too. The two reviewers independently identified, selected, and qualitatively assessed the studies. Differences were resolved by consensus and a third reviewer was consulted if consensus could not be reached. Reference lists of the included studies were checked for additional literature. Inter-rater agreement for definitive inclusion based on full text was calculated using Cohen's kappa coefficient. A flow diagram of the study selection was reported according to PRISMA. 9 
| DATA ANALYSIS AND ASSESSMENT OF STUDY QUALITY
The ABC rating scale developed by Siwek et al was used to determine the level of evidence. 10 Level A refers to highquality randomized controlled trials, level B to welldesigned nonrandomized clinical trials, and level C to expert opinion, consensus, or case series. As there was no validated tool to assess the quality of both diagnostic and therapeutic studies, a list of quality assessment criteria derived from Reitsma et al and Whiting et al 11, 12 was created ( Table 2 ).
The first two items of the critical appraisal tool assessed generalizability (external validity), items 3-8 assessed reliability (internal validity), and item 9 assessed the statistical methods.
| GENERAL RESULTS
In the PubMed, Embase, and Cochrane databases, 3164 records were identified ( Figure 1 ). Inter-rater agreement on inclusion based on full text was κ = 0.74, indicating substantial agreement. After discussion, full consensus was achieved on all selected studies. A search for additional literature in the reference lists of the included articles did not yield additional studies. The critical appraisal assessment is presented in Table 3 . Level of evidence, subject number, study aims, swallowing assessment methods, and authors' key findings of the 44 included articles are summarized in Tables 4-6 . Studies on diagnosis of OD after TLE are presented in Table 4 . Studies on treatment effect for OD after TLE are described in Table 5 . Table 6 presents studies combining diagnosis and treatment effects on OD after TLE. A meta-analysis comparing swallowing assessment tools or surgical techniques (TLE; TLE with partial pharyngectomy and flap reconstruction; total pharyngolaryngectomy with flap, jejunum reconstruction, or gastric pull-up; etc.) was planned but not carried out, as the studies were not of sufficient quality to warrant doing so.
| METHODOLOGICAL QUALITY
None of the studies was rated level A. Thirty-two studies were rated level B and 12 studies level C, according to Siwek et al. Level B studies comprised one low-quality randomized controlled trial, 13 ten prospective cohorts, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] ten retrospective cohorts, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] two case-control studies, 34, 35 and nine crosssectional studies. [36] [37] [38] [39] [40] [41] [42] [43] [44] All case series were classified as level C evidence. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] None of the 44 articles met all critical appraisal criteria (Table 3) . Seventeen articles fulfilled all criteria for external validity, 13, 17, 22, [26] [27] [28] 30, 32, 35, 36, [38] [39] [40] 44, 46, 49, 50 and six studies did not fulfill any of these criteria. 14, 19, 33, 34, 42, 45 Two of the included articles fulfilled all criteria for internal validity, 18, 48 representing a low risk of bias. Fourteen articles met only 2-3 criteria for internal validity, 14 
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| DIAGNOSIS OF OD AFTER TLE
In total, 40 of the 44 studies described a diagnosis of OD after TLE with or without pharyngeal reconstruction (Tables 4 and  6 ). Ten studies used instrumental swallowing assessments, 16 studies used self-report questionnaires, and 14 studies combined instrumental swallowing assessments and questionnaires to evaluate OD. In the following subsections, studies on diagnosis of OD are summarized according to the applied swallowing assessment method (instrumental assessment or questionnaires). It was not possible to pool all the included studies according to the applied surgical technique (with or without pharyngeal reconstruction) due to heterogeneity or unclear description. Only ten studies specifically described the technique of pharynx reconstruction or primary closure. A paragraph describing swallowing function after a specific surgical technique is introduced in the next subsection.
| Instrumental swallowing assessment
This subsection presents a summary of the functional and anatomical signs of OD per study. A diversity of swallowing assessment methods were applied after TLE with or without pharyngeal reconstruction: VFSS ; cineradiography 14, 45 ; videomanometry 35, 44 ; perfusion manometry 34 ; barium swallow 16, [54] [55] [56] ; scintigraphy 19 ; gastrograffin swallow 33 ; sEMG 46 ; functional lumen imaging (Endoflip) 47 ; and the Dysphagia Outcome and Severity Scale (DOSS) assessed with barium swallow. 30 The time interval from surgery to swallowing assessment ranged from five days 24 to 23 years. 49 The most frequently used instrumental swallowing assessment technique was VFSS. Various neopharyngeal findings after primary pharynx closure were reported as contributing to OD. Among these, the main ones were impaired pharyngeal propulsion, 35, 44 increased pharyngeal outflow resistance, 35, 44 pharyngeal weakness, 24 pharyngoesophageal dysfunction, 24 pharyngoesophageal spasm, 18 and nasopharyngeal reflux. 45 According to some authors, swallowing function was not affected by the diameter of the neopharynx after primary closure with a pharyngeal remnant width ranging from 3 to 8 cm. 16, 19 The reported frequency of the main structural disorders of the neopharynx with or without pharyngeal reconstruction was as follows: 15% to 19% stricture formation 24, 32 ; 42% to 60% pseudodiverticulum formation 35, 45, 54, 55 ; 4% to 18% fistulas 16, 17, 19, 24, 31, 33, 45 ; 7% to 13% tumor recurrence 16, 45 ; and 22% to 36% prominent cricopharyngeal muscle. 17, 45 The frequency of pseudodiverticulum formation seemed to be dependent on the type of pharyngeal closure. 26 A pseudodiverticulum was more frequently seen after vertical closure compared to T-shaped neopharyngeal closure. 26 Radiographic signs of disturbed bolus transport through the jejunal interposition graft were commonly observed after total pharyngolaryngectomy, 25, 48 whereas Krappen et al 14 observed no problems with bolus transport after pharynx reconstruction with a tubed jejunal interposition graft with siphon. Interestingly, pathologic (regional) lymph node 
Abbreviations: N, no (did not meet criteria); U, unclear (insufficient information is provided); Y, yes (met criteria).
TABLE 4
Diagnosis of oropharyngeal dysphagia following TLE
Author and ref. (Continues) (Continues) (Continues) 
Intervention:
Endoscopic dilatation Subjective swallow function; body weight; gastrostomy tube; jejunal dilatations; barium swallow The jejunal interposition grafts were irradiated, usually with good swallow outcomes: 71% of the patients with an irradiated jejunal interposition graft were able to obtain adequate oral nutrition and 29% required (intermittent) dilatations to maintain nutrition.
Abbreviations: PEJ, pharyngoesophageal junction; SSQ, Sydney swallow questionnaire; TLE, total laryngectomy; VFSS, videofluoroscopic swallowing study.
assessed by cineradiography, 14 VFSS, 25, 26 perfusion manometry, 34 videomanometry, 35 or MDADI, 41 was reported after mucosa-and-muscle pharyngeal primary closure (eg, Tshaped, Y-shaped, or vertical closure) compared to only mucosa primary closure, 35 after T-shaped pharyngeal closure compared to vertical closure or circumferential closure, 26, 41 after horizontal pharyngeal closure compared to vertical closure, 41 after ALT flap compared to jejunal graft interposition, 25 and after insertion of a jejunum siphon with repair of the digastric muscle versus insertion without repair of the digastric muscle. 14, 34 Higher rates of stricture formation, as assessed with VFSS, were seen for primary pharyngeal closure versus a pedicled or microvascular free flap reconstruction 32 ; higher rates of stricture formation were also seen for tubed radial forearm flap compared to patch radial forearm flap. 32 Furthermore, no significant differences in PSS-HN and MDADI scores were seen between patients who underwent a primary TLE versus patients who underwent a pharyngolaryngectomy with noncircumferential radial free forearm tissue transfer. 23 According to some authors, patients who had undergone a laryngopharyngoesophagectomy with a gastric pull-up procedure showed postoperative improvement: they had a healthy weight, could eat in public, and consumed a normal diet. 33, 49 If swallowing impairments occurred after a gastric pull-up procedure, the most common functional limitations were regurgitation, prolonged mealtime, and reduced quantity of oral intake per meal.
33,49
| Questionnaires
This subsection presents a summary of the responses to the questionnaires that were administered. Eleven studies used swallow-related questionnaires such as the MDADI, Sydney Swallow Questionnaire (SSQ), 22, 44 Watson Dysphagia score, 48 and European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30 and QLQ-OES18). 48 Other methods to collect swallow-related data such as semi-structured interviews, 19, 28, 33, 42, 54 clinical assessments, 19, 33, 49, 54, 56 data collected by the speech-language therapist, 27, 28, 31 or self-designed questionnaires 21, 29, 39, 49 were described too. The time interval from surgery to filling out the questionnaires ranged from one month 21, 42 up to 27 years. 37 Only four studies compared preoperative to postoperative data from the questionnaires. 18, 21, 30, 33 In all but two studies, 19, 33 participants underwent (neo)adjuvant (chemo)radiotherapy. (Chemo)radiotherapy performed either preoperatively or postoperatively adversely affected swallowing. 20, 27, 29, 36, 37, 43 The prevalence of OD after TLE ranged from 35% to 89% 21,22,32,39,42,43 and the incidence of OD after TLE was 58%. 28 The main OD symptoms reported in the studies were the following: prolonged mealtime, need for fluids to wash down a bolus, multiple swallows, avoidance of certain food consistencies, pain, coughing while eating, food "sticking" in the throat, regurgitation, and gastroesophageal reflux. 17, 18, [20] [21] [22] [27] [28] [29] 33, 35, 39, 42, [48] [49] [50] 54 Patients usually experienced OD with solid foods, resulting in significant changes in their diets (liquid diet, pureed foods, etc.). 39, 42, 48 Ten studies reported a negative impact of OD on the patients' QoL. 17, 18, 21, 28, 31, [38] [39] [40] 43, 50 OD had a negative impact on all MDADI domains, 43 on the SWAL-QoL domains "feeding duration," "communication," "fear," "mental health," and "general burden," 17, 50 and on the TOM subscales "handicap," "well-being and distress," and "disability." 28, 31 OD prevented patients from eating out in public 18, 21, 39, 40 and resulted in a reduced amount of social participation. 38, 39 No correlations were found between self-report health-related QoL questionnaires and the outcome of diverse swallowing instrumental assessments.
17,48
| TREATMENT EFFECTS FOR OD AFTER TLE WITH AND WITHOUT PHARYNGEAL RECONSTRUCTION
In total, nine studies concerning treatment effects for OD were identified (Tables 5 and 6 ). Six of these described surgical treatment for OD, 32,44,51,54-56 two described pharmacological treatment, 52, 53 and in one study dysphagic TLE patients were treated with a coping strategy. 13 
| Surgical treatment for OD
Four studies investigated the effect of dilatation of neopharyngeal strictures after primary pharyngeal closure or after a pedicled or microvascular free flap reconstruction 32, 44, 51, 56 and two studies investigated the effects of endoscopic laser therapy of a neopharyngeal pseudodiverticulum. 54, 55 Radiological guided balloon dilatation was reported to relieve strictures, as measured by symptomatologic relief of OD symptoms, of the neopharynx without serious complications. 51 Endoscopic dilatation(s) of neopharyngeal strictures resulted in improved dietary outcomes and a significant decrease in pharyngoesophageal junction resistance observed during VFSS, videomanometry, and barium swallows, which was correlated with symptomatic improvement of OD. 32, 44, 56 Two studies reported improved OD symptoms using a barium swallow and clinical assessment after endoscopic laser therapy for anterior neopharyngeal pseudodiverticulum without clinically relevant postoperative complications.
54,55
| Pharmacological treatment for OD
Botulinum toxin A injections used as a treatment for cricopharyngeal dysphagia improved swallowing function (measured with VFSS) and swallow-related QoL in two studies.
52,53
| Coping strategy for OD
The effect of psychological treatments for OD following TLE was investigated by Tian et al. 13 The domains "fear of eating" and "mental health" on SWAL-QoL were the main ones related to OD after TLE. Patients were randomly divided into three communication groups to resolve their swallowing problems: a patient-to-patient communication group (volunteer TLE patients shared their own experiences about OD), a routine communication group (no additional communication about OD), and a physician communication group (discussions about OD with two surgeons who had performed the procedure). The patient-to-patient communication treatment model resulted in higher scores on SWALQoL (less severe OD complaints) compared to the physician and routine communication treatment models, at 1 month postoperatively. However, no differences on SWAL-QoL were seen between these three treatment modalities at one year posttreatment. In addition, lower SWAL-QoL scores representing greater impact of dysphagia on QoL were seen two weeks postoperatively in patients with a higher educational background compared to those with a lower educational background.
| METHODOLOGICAL COMMENTS
This systematic review is the first one to summarize and methodologically evaluate the evidence on diagnosis and treatment of OD after TLE with or without pharyngeal reconstruction. It covers 44 articles that reported on swallowing function following TLE. Data pooling was not possible due to the heterogeneity of the assessment tools, the diversity of the study populations, and the poor methodological quality of the investigations. All of the included studies had one or more methodological limitations. Seventeen studies had a good external validity. Most studies reported inclusion but no exclusion criteria Reproducibility may be compromised in several studies because no detailed information on the swallowing assessment protocol or therapy program was provided. 16, 19, 25, 27, 30, 32, 33, 49, 51, 52, [54] [55] [56] Additionally, in some studies not all patients underwent the same swallowing assessment protocol. 15, 36, 40, 44, 49, 53 Translation of the results to best clinical decision making is not possible in 18 studies because the methodology and results were not described in sufficient detail to warrant doing so. 14, 16, 19, 20, 26, 27, 30, 33, 34, 40, 46, 47, [51] [52] [53] [54] [55] [56] Information on the number of raters and how exams were evaluated was missing in almost all studies. Only in five studies were the raters blinded 15, 18, 26, 48, 49 and only in three studies was information given on interobserver or intraobserver reliability. 15, 18, 48 One should interpret the results reported in this systematic review with caution because of the compromised generalizability, reliability, and high risk of bias identified in several of the included studies.
| DIAGNOSIS AND TREATMENT OF OD
The pathophysiology of swallowing disorders in TLE patients is multifactorial. It may be due to radiotherapy, pharyngeal closure technique, the extent of additional pharyngeal mucosa resection, and postoperative complications. 14, 16, 17, 19, 20, [23] [24] [25] [26] [27] 29, [32] [33] [34] [35] [36] [37] 41, 43, 45, 49, 54, 55 The most frequently reported functional and/or structural complications of the neopharynx causing OD were pharyngeal weakness, increased resistance to bolus passage, strictures, and pseudodiverticulum formation. 16 14, 23, 25, 26, [32] [33] [34] [35] 41, 49 Horizontal and T-shaped closures were the most commonly used closure techniques. However, it remains unclear which surgical closure technique is the best for efficient swallowing, and that question needs further investigation. In this systematic review, it was not possible to stratify swallowing outcomes per surgical technique due to a great variation in the methods used (TLE with primary closure, TLE with partial pharyngectomy and flap reconstruction, total pharyngolaryngectomy with different flap reconstructions, gastric pull-up, etc.), the great heterogeneity in study designs, and the lack of high-quality studies.
(Neo)adjuvant (chemo)radiotherapy had a negative impact on swallowing function in several studies although a detailed description of the applied technique, timing, and type of (chemo)radiation (preoperative vs postoperative, intensitymodulated radiotherapy vs conventional techniques, protocol of primary (chemo)radiation in case of salvage TLE vs postoperative radiotherapy in case of primary TLE, the total radiation dose [in Gray], the fractionation schedule, the overall treatment time, exact target volumes, etc.) was missing in most studies. 20 ,27,29,36,37,43 OD may occur after (neo)adjuvant radiotherapy due to xerostomia, pain, tissue swelling, fibrosis, lymphedema, or radiotherapy-induced sensorial neuropathy. 4 Deglutition disorders had a negative impact on swallowrelated QoL and resulted in significant changes in the diet of TLE patients. 17, 18, 21, 28, 31, [38] [39] [40] 42, 43, 48, 50 This indicates that the impact of OD needs careful evaluation because it is patient specific and thus highly variable. In addition, a great variation in questionnaires evaluating the impact of swallowing impairment on patients' QoL was seen among the included studies. At the moment, no dysphagia-specific QoL or symptom questionnaire is available that has been validated for the population of TLE patients. The use of questionnaires such as the MDADI and the SSQ among others is debatable because these instruments were not validated for this patient population. These questionnaires include questions targeted at aspiration such as deglutitive cough which are not applicable to TLE patients. However, there is no good alternative at present and the authors hope that a specific tool with good psychometric properties for this group will be developed in the future. The absence of guidelines for swallow assessment in TLE patients and the lack of validated measurements in this population might explain why these studies used such a great diversity of self-report questionnaires. Furthermore, the heterogeneity of the swallowing outcome measurements, different postoperative measurement times, the various methods of pharyngeal reconstruction, and whether or not (chemo)radiation was administered during the course of treatment made it impossible for us to draw comparisons between the studies or to observe trends. Therefore, to ensure more robust findings in future studies, validated and standardized swallowing assessment methods are necessary as well as a detailed description of the applied surgical technique and exact information on (chemo)radiation protocols during the course of treatment. Few articles on treatment effects for OD after TLE were found and there was no consensus on what is the best OD treatment for this population. Some preliminary studies showed promising results of botulinum toxin A injections, endoscopic (balloon) dilatations, and CO 2 laser therapy. However, significant treatment results or trends were not found. This points to the need for well-designed randomized controlled trials using validated multidimensional swallowing assessment protocols to evaluate OD after TLE and to investigate the clinical applicability of treatment techniques.
| CONCLUSIONS
OD after TLE is a common finding. The cause is multifactorial and it results in oral intake adaptation and impaired health-related QoL. The reviewers found heterogeneous outcomes and serious methodological limitations, which prevented them from pooling the data to analyze possible trends that would assist in designing best clinical practice protocols for OD following TLE. Further research should focus on the remaining gaps found in the literature on the diagnosis of and treatment interventions for OD following TLE.
